. Night workers with circadian misalignment are susceptible to alcohol-induced intestinal hyperpermeability with social drinking.
above this threshold develop ALD, but there does not appear to be a clearly linear dose effect, since certain groups of extremely heavy drinkers (Ͼ120 g/day) developed cirrhosis at a low rate (18.5%) (4) . Therefore, while epidemiological studies have shown that alcohol is a necessary cofactor to cause clinically significant ALD, other additional cofactors are required.
The most well supported pathogenesis of ALD is that alcohol increases intestinal permeability, which increases gutderived endotoxin, such as lipopolysaccharide (LPS), in the blood (45) , promoting inflammation-mediated hepatocellular damage. Identifying other risk factors for increased intestinal permeability related to alcohol consumption is important to identify individuals at risk for clinically significant ALD and to better understand mechanisms of alcohol-related pathologies like liver injury. The finding that clock genes are present in the epithelial cells of the intestinal tract (14, 40) , which make up the intestinal barrier, makes it highly plausible that the disruption of circadian homeostasis could impact the intestinal barrier. For human studies, the best model of chronic circadian misalignment is night shift workers. From data in 2010, 29% of U.S. workers worked an alternate or nonday shift (1) , and 15% of workers regularly worked the night shift, which includes 23 million people (23) . This enormous prevalence of circadian misalignment is important, since shift work has been linked to breast cancer (12) , cardiovascular disease (50) , and metabolic syndrome (38) . Indeed several gastrointestinal disorders are more common in shift workers who have disrupted circadian rhythms such as peptic ulcer disease (32) , colon cancer (21) , and irritable bowel syndrome (28) . Accordingly, the goals of the current study were to: 1) determine if night workers with central circadian misalignment, as measured by plasma melatonin phase and amplitude over 24 h, had increased alcoholinduced intestinal hyperpermeability (AIHP) compared with day workers after 7 days of alcohol consumption and 2) determine if alcohol differentially impacted the central or peripheral clock in either group.
(primarily nurses) who had been on a stable work schedule of 0700 -1900 of at least three shifts a week for Ͼ3 mo and did not fulfill the criteria for AUD per Lifetime Drinking History (LDH) questionnaire (39) . Night workers (NW) were healthy subjects on a stable work schedule of 1900-0700 of at least three shifts a week for Ͼ3 mo and did not fit criteria for AUD by LDH. All subjects completed blood tests and questionnaires at their initial visit and were excluded if they met any of the following criteria: 1) any history or blood tests consistent with liver disease (liver functions tests Ͼ1.5 normal), renal impairment (creatinine Ͼ1.5), cardiovascular disease, or diabetes (Hgb-A1c Ͼ8); 2) major depression (score Ն15 or any endorsement of suicidal intent on the Beck Depression Inventory) (3); 3) sleep apnea (score high risk Ն2 or more categories on the Berlin Questionnaire) (27) ; 4) restless leg syndrome consensus criteria according to the International Restless Legs Syndrome Study Group; 5) infection in the previous month, recent history of antibiotic use; or 6) regular use of medications that affect intestinal permeability, intestinal motility, and/or endogenous melatonin, including metoclopramide, nonsteroidal anti-inflammatory drugs, ␤-blocker, psychotropic medication, and exogenous melatonin products during 4 wk before the study.
Baseline Measures
LDH is a structured interview that is designed to provide a validated measure of alcohol consumption (39) . After a baseline questionnaire assessment and blood tests, all subjects were asked to keep their usual sleep schedule for the week before the 24-h circadian phase assessment. All subjects kept a sleep diary, an alcohol diary, and wore a wrist monitor (Spectrum Actiwatch; Phillips) for 7 days before each phase assessment, and the 7 days of alcohol consumption. After the first phase assessment, all subjects were given red wine, a 2013 Bota Box Malbec, alcohol 13.5%, origin Mendoza, Argentina, and instructed to drink 0.5 g of alcohol/kg of body wt each day for the 7 days before the second 24-h phase assessment. For most subjects this meant two to four glasses of wine a day. Subjects were instructed to drink the wine after finishing work and before bedtime.
Melatonin assessment. Plasma melatonin was collected hourly for 24 h between 1300 and 1200, for a total of 24 samples in the Biological Rhythms Research Lab. Patients were kept in dim light (Ͻ5 lux, measured every 2 h with a Minolta TIL-1 light meter), seated in a recliner chair in constant posture. Subjects were given small nutritionally balanced snacks instead of meals during the phase assessment. After 30 min in dim light, a 3-ml blood sample was collected every 60 min. An intravenous line was placed to avoid multiple needle sticks as previously reported. During the session, subjects were kept awake, watched a dim television, or talked to each other. After collection, the samples were centrifuged at 4°C and 1,000 revolutions/min (rpm) for 15 min. The plasma was then frozen and shipped on dry ice to SolidPhase (Portland, ME) using the Bühlmann Direct Plasma Melatonin RIA kit (ALPCO Diagnostics, Windham, NH), which has an analytical sensitivity of 0.2 pg/ml. Interassay variability ranged from 7.9 to 11.7%.
Intestinal permeability measurement. Each subject ingested 300 ml of liquid containing 7.5 grams of lactulose, 2 grams of mannitol, 40 grams of sucrose, and 2 grams of sucralose. Before ingestion of the sugar probes, each subject was asked to empty his bladder completely. Thereafter, all urine was collected for 24 h in the first 5-h, next 7-h, and last 12-h aliquots. Subjects were not allowed to eat for 4 h before or after the start of the urine collection. Urine volumes were recorded, and aliquots of urine were stored at Ϫ80°C until analysis. Measurement of urinary sugars was done by gas chromatography and calculated as percent excretion of oral intake. Five-hour urinary lactulose, mannitol, and lactulose-to-mannitol ratio (L/M) are primarily markers of small bowel permeability, and 24-h urinary sucralose is a marker of total gut permeability, with 13-to 24-h sucralose primarily representing colonic permeability (2). This is due to both sucralose and lactulose being able to permeate through both the small and large intestine (colon). However, sucralose is not fermented by colonic bacteria while ϳ75% of lactulose and mannitol are fermented by colonic bacteria (25) .
Circadian clock gene expression in peripheral blood mononuclear cells. Peripheral blood mononuclear cells were isolated every 240 min during the 24-h phase assessment at 1600, 2000, 0000, 0400, 0800, and 1200. For each sample, 10 ml of whole blood were spun through a FICOLL gradient in BD Vacutainer tubes (reference no. 368753) at 2,000 rpm for 20 min at 20°C and stored at Ϫ80°C in Trizol reagent (Invitrogen Canada, Burlington, ON). RNA was then extracted, reverse transcribed, and quantified by RT-PCR as previously described. Briefly, with the use of unbiased iScript reverse transcriptase (BioRad, Hercules, CA) quantification of clock genes (CLOCK, BMAL, PER1, PER2, CRY1, and CRY2) was then performed by real-time PCR using SYBR Green (Applied Biosystems, Foster City, CA). Fold change was calculated relative to the average of the two housekeeping genes B-actin and GAPDH by the 2 Ϫ⌬⌬CT method with a calibration sample based on a pooled analysis from all samples from the first day. Fig. 1 . Schematic of the experimental protocol. After obtaining baseline blood tests and questionnaires, subjects wore a wrist actiwatch and were told to abstain from alcohol for 1 wk. A 24-h phase assessment was then done in the Biological Rhythms Lab where subjects were kept under dim light conditions (Ͻ5 lux) and constant posture. An iv was inserted to draw hourly plasma melatonin, every 4 h peripheral blood mononuclear cells (PBMCs) for clock gene expression, and a 24-h urine collection after sugar challenge for intestinal permeability. Subjects were then given red wine and told to drink 2-4 glasses of wine a day for ϳ0.5 g of alcohol/kg body wt before repeating an identical 24-h phase assessment. Endotoxin and inflammatory cytokine measurement. Lipopolysaccharide-binding protein (LBP) (ng/ml) was measured in serum using an ELISA kit from Cell Sciences (catalog no. HK315). LPS (EU/ml) was measured in serum using the PYROGENT-5000 assay kit from LONZA (catalog no. N384). IL-6 was measured by the Quantikine high-sensitivity ELISA kit from R&D Systems (catalog no. SS600B) in pictograms per milliliter in plasma.
Statistical Analysis
The area under the curve (AUC) was calculated for each melatonin profile using the trapezoidal method. The dim light melatonin onset (DLMO) was calculated by the "3k" method as the point in time when the melatonin concentration exceeded and remained above the threshold for 1 h as previously reported (49) .
For clock genes analysis, a single cosinor method was used to analyze the data over time as previously described (9, 26) . The equation for the cosinor fit is a follows:
where M is the mesor (Midline Statistic of Rhythm, a rhythm adjusted mean), A is the amplitude (a measure of half the extent of the variation within the cycle), is the acrophase (a measure of the time of overall highest value), and is the period.
The fit of the model was determined by the residuals of the fitted wave (36) . A 24-h period was used for all analysis. A Multivariate Wald test was used to test the null hypothesis that the mesor, amplitude, or acrophase differ by the covariate (alcohol or group). Chi square tests or Mann-Whitney U-test was used to compare the two subject groups' variables and outputs. A Moore paired test was used to compare phase angles of DLMO, and circular plots were computed on Oriana (Kovach Computing Services, Wales, UK). A linear regression analysis was performed to examine the relationship between melatonin (AUC, DLMO) and intestinal permeability. All statistical analyses were two tailed, and statistical significance was determined by using a P Ͻ 0.05. For clock gene expression, a small percentage (Ͻ5%) of missing or outlier values Melatonin profiles in day workers (DW) and night workers (NW) before and after moderate alcohol consumption. Blood was drawn every hour under dim light (Ͻ5 lux) and dim light melatonin onset (DLMO) was calculated by the 3k method as described in METHODS. A: there was a nonsignificant 7-min phase advance in the DW after alcohol consumption. There was a significant 1 h 57 min phase delay in the NW group, P Ͻ 0.01 by group (B). A circular plot of the time of each DLMO in the DW group before (C) and after (D) alcohol and in the NW group before (E) and after (F) alcohol shows a phase delay in the NW group.
was imputed by the k-nearest neighbor method. Statistics were performed using SPSS version 19.0 and in R (version 3.8.1) in the cosinor and DMwR package.
RESULTS

Clinical Variables and Actigraphy
A total of 32 subjects was screened for the trial, and 22 participated. The most common reason the subjects did not participate after being screened was they voluntarily withdrew usually because of scheduling conflicts (6), there was an issue with maintaining their intravenous line (2), or they did not drink the wine for the full week as expected in the protocol (2) (Fig. 1) . There was no statistical difference between the two groups in terms of age, gender, race, or body mass index (Table 1) Comparison of intestinal permeability in day workers and night workers before and after moderate alcohol consumption. All values are %oral dose for 5-h urinary sucrose (primarily gastroduodenal; not statistically different) (A); 5-h urinary mannitol (B) and 5-h urinary lactulose (C) (both primarily small bowel; not significantly different); 24-h urinary sucralose (whole gut) (D) and 13-to 24-h urinary sucralose (primarily colon) (E) (significantly increased in the NW but not DW group). F: linear regression showed a significant negative correlation between the change in melatonin area under the curve (AUC) and colonic permeability. G: 13-to 24-h urinary sucraolose correlated with lipopolysaccharidebinding protein (LBP) at midnight. Analysis in F and G excluded 2 subjects with permeability values Ͼ2 SD above the mean. ns, Not significant. *P Ͻ 0.05 by Wilcox Signed-Rank Test.
Inventory for Depression and Seasonal Affective Disorder at baseline before beginning the study. In the 22 subjects in either DW or NW, sleep duration, wake after sleep onset, total sleep time, sleep percentage, and fragmentation were not significantly different at baseline or after 7 days of moderate red wine consumption between the two groups (Table 1) . Similarly, there was no statistically significant difference between actigraphy calculated sleep parameters by repeated measures in each group before or after moderate alcohol consumption.
Comparison of Melatonin Profiles in Day Workers and Night Workers
The DLMO was 19 h 49 min Ϯ 1 h 33 min in the DW and 22 h Ϯ 2 h 48 min in the NW group, which was significantly later in the night workers, P ϭ 0.04 ( Fig. 2A) . After moderate red wine consumption for 7 days the DLMO was essentially unchanged in the DW group and even later in the NW group and at 19 h 40 min Ϯ 2 h 47 min vs. 23 h 57 min Ϯ 3 h 36 min, respectively, with a P Ͻ 0.01 (Fig. 2B) . After red wine consumption, there was a nonsignificant 7-min phase advance in the DW group, but in the NW group there was a 1 h 57 min phase delay, P Ͻ 0.01 by group. By paired analysis from baseline, there was no change in the DW group DLMO, but there was a significant phase delay in the NW group DLMO after alcohol (Fig. 2, C  and D) . The mean number of night shifts worked the week of the phase assessment in the NW group was 2.1 Ϯ 1.1 in the baseline week and 2.5 Ϯ 1.0 in the second week, which was not significantly different (P ϭ 0.93). There also was no correlation between the change in the number of night shifts worked between the two weeks and changes to the DLMO (P ϭ 0.91). The AUC for plasma melatonin in DW was 406.4 Ϯ 324.9 and in the NW was 639.3 Ϯ 370.3 in pg·ml Ϫ1 ·h Ϫ1 , which was not significantly different, P ϭ 0.12. After 7 days of alcohol the AUC was 393.5 Ϯ 334.0 in DW and 695.0 Ϯ 524.8 in NW, which was also not significantly different, P ϭ 0.13 by group or by paired analysis with P ϭ 0.25 and 0.92, respectively.
Intestinal Permeability Data between Groups
Primarily gastroduodenal permeability in 5-h urinary sucrose was not significantly different between the DW vs. NW before or after alcohol at 0.40 Ϯ 0.31 vs. 0.46 Ϯ 0.25 and 0.43 Ϯ 0.18 vs. 0.58 Ϯ 0.39, P ϭ 0.42 and 0.25, respectively (Fig. 3A) . Urinary mannitol and lactulose, which represent primarily small bowel permeability, were 17 (Fig. 3, B and C) . There was no significant change in urinary mannitol or lactulose by paired analysis, P ϭ 0.21 and 0.93 vs. 0.25 and 0.09 despite an increase in the L/M ratio in the DW and NW groups, P ϭ 0.03 vs. 0.04. The 24-hour urinary sucralose, which represents whole gut permeability, was not significantly increased in DW but was in NW after alcohol at 0.97 Ϯ 0.42 vs. 0.75 Ϯ 0.46 and 1.07 Ϯ 0.67 vs. 1.53 Ϯ 1.31, with P ϭ 0.60 and 0.04, respectively (Fig. 3D) . The 13-to 24-h urinary sucralose, which represents primarily colonic permeability, was 0.17 Ϯ 0.13 vs. 0.32 Ϯ 0.36 and 0.11 Ϯ 0.12 vs. 0.57 Ϯ 1.14 in DW vs. NW before and after alcohol (Fig. 3E) . There was not a significant correlation between the change in DLMO and urinary sucralose, P ϭ 0.47. However, there was a significant negative linear correlation between AUC of plasma melatonin and urinary sucralose in DW and NW (r ϭ Ϫ0.53, P Ͻ 0.01, Fig. 3F ).
Rhythmicity of Clock Genes in Day Workers and Night Workers by Group
Both DW and NW had a significant cosinor fit for clock gene expression before and after moderate alcohol consumption in all clock genes, with a P Ͻ 0.05 and F statistic from 2.25 to 5.63 as previously described in METHODS (Fig. 4) (26) . The only clock gene that did not have a significant fit to the cosinor model was PER2 in the DW group with a P ϭ 0.71. The amplitudes of expression of CLOCK, BMAL, PER1, and CRY1 were all significantly increased after alcohol consumption in both DW and NW by a Wald test (Table 2 ). In CRY2 the amplitude was increased in the NW group and decreased in the DW group. The acrophase of clock gene expression was also altered in NW in CLOCK, BMAL, and PER1 and in DW in CLOCK and CRY1. The mesor of CLOCK and CRY1 was also changed in DW after alcohol. As a validation measure, the phase angle or acrophase between the central and peripheral circadian clocks, where phase angle ϭ [phase peripheral ] Ϫ [phase central ] (Fig. 5 ). There was a very significant linear correlation (P Ͻ 0.01) or consistency between the phase angle of melatonin and for all six clock genes by individual subject except for PER2, which as mentioned did not fit the cosinor model.
Markers of Endotoxemia and Inflammatory Cytokines
The mean LBP levels were not different between DW and NW at baseline vs. DW and NW after alcohol consumption, at 11,109.92 Ϯ 1,699.89 and 12,787.61 Ϯ 3,363.39 vs. 10,744.10 Ϯ 1,192.70 and 11,014.52 Ϯ 1,515.24, with P ϭ 0.39 and 0.63, respectively. Similarly, the mean LPS levels between DW and NW at baseline vs. after alcohol consumption were not significantly different at 0.11 Ϯ 0.12 and 0.14 Ϯ 0.12 vs. 0.19 Ϯ 0.29 and 0.13 Ϯ 0.13, P ϭ 0.20 and 0.73, respectively, or in IL-6 at 2.04 Ϯ 1.53 and 2.42 Ϯ 1.23 vs. 2.00 Ϯ 1.57 and 2.54 Ϯ 1.69, P ϭ 0.64 and 0.34. By linear regression, time 0 (midnight) LBP levels correlated with 13-to 24-h urinary sucralose after alcohol at r ϭ 0.46, P ϭ 0.02 (Fig. 3G) . LBP and LPS levels did not similarly correlate with 13-to 24-h sucralose after alcohol.
Additional analysis of LBP, LPS, and IL-6 levels by nonlinear regression or cosinor analysis was performed to incorporate time as described in METHODS. A statistical fit to a cosinor model was seen in LBP, LPS, and IL-6 in DW and NW before alcohol with F ϭ 2.10 -3.30, P Ͻ 0.05. The mesor and amplitude of LBP were significantly lower in the DW group compared with the NW group before alcohol at 11,111.01 vs. 12,456.04 (Table 3 ). The amplitude of LBP in the DW vs. NW group was also elevated in NW at 452.85 vs. 1,481.36 (Fig. 6 ). For LPS, the baseline mesor was higher in the NW group at 0.08 vs. 1.47 in DW vs. NW. After alcohol, LBP and LPS levels both lost rhythmicity and did not significantly fit the cosinor model. For IL-6 levels, the mesor was higher in NW vs. DW (Table 3) . After alcohol there was again not a significant fit to the cosinor model of IL-6 levels in DW and NW. 
DISCUSSION
This study's main finding is that moderate alcohol consumption of 0.5 g/kg of red wine a day for 7 days caused increased whole gut permeability, and this increase is primarily the result of increased colonic permeability in healthy night workers but not in healthy day workers. Moderate alcohol did not increase small bowel permeability, as measured by 5-h urinary lactulose or mannitol excretion, in either DW or NW. The small bowel finding is similar to previous reports (43, 44) . Of note, the L/M ratio was increased in both DW and NW with alcohol, but the total excretion of lactulose and mannitol was not, emphasizing the potential misleading results of using the L/M ratio in the absence of villous atrophy as previously reported (7, 37) . It is also notable that parameters of sleep architecture where similar between the DW and NW groups because of night shift work adaptation (13), so these difference are due to chronic circadian misalignment and not sleep architecture alone. Consistent with our previous finding of low melatonin AUC in alcoholic subjects correlating with colonic permeability (43), we also found that the change in colonic permeability correlated with the percentage change in melatonin AUC in the day worker and night worker groups. Low melatonin AUC may indicate disrupted circadian homeostasis, and is an established biomarker of other diseases such as diabetes (24), obesity (46) , and aging (31). This finding is also supported by our animal studies that show chronic central circadian disruption by 12-h light-dark shift for 3 mo increases the risk of hyperpermeability with an injurious agent like Dextran-sodium sulfate colitis (33) , and alcohol-fed rats with either an environmentally or genetic (clock mutant) circadian alteration results in increased AIHP, endotoxemia, and liver pathology (41) . Thus, our study is the first report that night work may increase the susceptibility to AIHP in the colon.
Our finding that circadian misalignment primarily impacts colonic permeability is not surprising. In our previous work, we showed in vitro that alcohol increased circadian clock genes, CLOCK and PER2, in the intestinal epithelial CaCo-2 cell line, and blocking CLOCK or PER2 with siRNA prevented alcohol-induced monolayer hyperpermeability (42) . Colonic permeability is particularly relevant, since the largest concentration of microbiota is found in the colon (10 12 /g compared with the small bowel 10 6 /g) (30) . Indeed, in our study we found a marker of endotoxemia and bacterial translocation, LBP, correlated with colonic permeability at time 0. LBP has been previously reported to be elevated in cirrhosis with increased permeability and bacterial translocation (34) , and, in a PER2 mutant mouse model with decreased expression of occludin and claudin-1 in the colon, nocturnal permeability was increased (22) . Although LPS and LBP have not been extensively studied in NW previously, sleep deprivation has been shown to increase levels of LPS and inflammatory cytokines like IL-6 (16, 17, 20) . In our study we found rhythmic levels of these markers in DW and NW and an elevated mesor in LBP, LPS, and IL-6 in our NW group. After alcohol, there was a loss of the rhythm in LBP, LPS, and IL-6. The loss of rhythmicity is a marker of circadian disruption that has been associated with other inflammatory and autoimmune diseases in humans and animals (48) .
The impact of moderate alcohol on central circadian rhythms in this study was measured by the gold standard of central circadian assessment, the DLMO. The DLMO was later in the NW compared with DW group at baseline as expected. What was notable in this study was, while alcohol had little effect on the DLMO in DW, it was associated with a significant phase delay in NW. This suggests that alcohol is impacting central circadian rhythms in NW but not DW. This is also the first study to evaluate the impact of alcohol on the DLMO in NW. In healthy controls (on a day schedule), acute alcohol intake at night was associated with reducing melatonin levels in plasma melatonin (35) but was not associated with a change in DLMO. In subjects with alcohol dependence who were 3-12 wk abstinent, the DLMO had a small but significant 18-min phase delay compared with healthy controls (8) . In total, the findings of increased AIHP and a central phase delay of the DLMO in the NW group but not the DW group suggest that central circadian misalignment is a key cofactor in AIHP in humans.
To further access the circadian rhythm system, we studied clock gene expression in peripheral blood mononuclear cells (PBMCs), which are a known peripheral circadian system with a robust circadian oscillation (5) . In this study we found that alcohol significantly altered the amplitude of peripheral clock genes in CLOCK, BMAL, PER1, CRY1, and CRY2. Only in PER2, which in our study did not significantly fit the cosinor model, was there no change in the amplitude. Peripheral circadian disruption therefore appeared to be present in both day workers and night workers with alcohol and was not a marker that could differentiate the two study groups. In humans, the one prior study examining clock gene expression in PBMCs in alcoholics found decreased levels compared with (10) , and alcohol is known to impact the hypothalamic-pituitary axis (51) . Studies in PBMCs in night shift workers have found that clock gene expression is preserved in night workers and adjusts within days after simulated night work (18) . These key studies also showed a significant interindividual variability in PBMC clock gene expression between subjects, which was also found in the present study; however, there was a very significant correlation between the phase angle of the central and peripheral clock rhythms that was preserved with alcohol consumption (Fig. 5 ). This would be expected if the central clock is the master clock coordinating the timing of peripheral clocks. There are several important limitations to the present study. First, as mentioned, we could not standardize the time of alcohol consumption due to work schedules, and the DW group drank the wine in the evening after work while the NW group drank their wine in the morning after work or the evening if not working. In addition, our study design was not placebo controlled, since the primary aim of this study was to determine if NW are more susceptible to AIHP, not the impact of alcohol on intestinal permeability (19) or melatonin (6) on which we have previously published. This study also examined patients who were at home in their natural environments during the two weeks of the study. Subjects did not have a set sleep or wake time. In addition, we could not completely control for the number of night shifts worked each week due to varying work schedules, and we had a small nonsignificant difference in the number of night shifts worked each week. Our study also includes a relatively small number of subjects, due in part to our decision to do more intensive 24-h in-lab phase assessments with plasma melatonin and not a partial 24-h phase assessment measuring salivary melatonin. In addition, we did not collect baseline urine for food contamination, although in our experience we have not detected any measurable contamination after the fast in our protocol (11) . Finally, we measured peripheral circadian rhythms in PBMCs due to ease of accessing multiple time points. Because intestinal permeability was the main endpoint of this study, measuring circadian rhythms in the gastrointestinal tract would have been a more ideal comparison with the suprachiasmatic nucleus; however, this would have required multiple flexible sigmoidoscopies over 24 h.
In summary, the main findings of this study are night workers have increased AIHP and a central phase delay with moderate alcohol consumption for one week. Further studies are needed to assess how night work impacts colonic and intestinal epithelial cell barrier function, such as tight junction protein expression and intestinal microbiota. Shift work has not been typically accessed in alcohol research as a risk factor for ALD, which needs to be further examined. Identifying circadian misalignment as a key cofactor in AIHP offers not only risk stratification for clinicians but could also lead to the development of possible chronotherapeutics for future investigations such as melatonin supplementation or light therapy in night workers with at-risk drinking behaviors. 
